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Monday, February 4, 2013 231adomains of unknown function. We also show how minor changes in otherwise
highly conserved active sites can significantly affect functionality. There is
a growing need for intelligent prediction-based strategies that can tap into
our enormous genomic and structural databases and help bridge the gap be-
tween sequence and function.
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Epilepsy is a common serious neurodegenerative disease. Bone disorders due to
anti-epileptic drug (AED) therapy in epileptic patients have been reported pre-
viously. There is no study in the literature, investigating the independent effect
of epileptic seizures on bone tissues. Thus, the side-effects of AEDs on bone
tissues could not be differentiated from the effects of the epileptic seizures.
The current study provides the first report on clarifying the effects of seizures
on bones. The experiments performed on genetically epileptic and healthy rats,
give the advantage of studying the effects of seizures alone. Cortical region of
spines were studied by FTIR microscopy to investigate the structural and com-
positional changes in bones. Comparison of FTIR images belonged to the min-
eral and protein parts of bone clearly showed the difference between healthy
and epileptic bone tissues. Mineral content was found to be decreased in epilep-
tic group compared to the healthy control. Although total carbonate content was
found to be decreased, B-type carbonate content which substitutes for phos-
phate groups in the mineral part of bone, was shown to be increased in epileptic
group. The organic matrix of bone is mainly composed of collagen proteins
whose structure is stabilized by several intermolecular crosslinks. Collagen
cross-links ratio was found to be changed critically in epileptic group, indicat-
ing an increase in immature crosslinks in the bones of that group. Crystallinity
value indicating crystal size was found to be increased in epileptic group com-
pared to the healthy control. Decreased mineral content and collagen crosslinks
and increased crystal size and carbonate substitution, imply a severe damage on
bone tissues. Moreover, the epileptic and control groups were separated from
each other successfully by principle component analysis (PCA) based on the
FTIRM data.
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Although tryptophan is a natural probe of protein structure, interpretation of
its fluorescence emission spectrum is complicated by the presence of two
electronic transitions, 1La and
1Lb. Theoretical calculations show that
a point charge adjacent to either ring of the indole can shift the emission
maximum. This study explores the effect of pyrrole and benzyl ring substitu-
tions on the transitions’ energy via absorption and fluorescence spectroscopy,
and lifetime measurements. The survey of indole derivatives shows that
methyl substitutions on the pyrrole ring effect 1La and
1Lb energies in tandem
while benzyl ring substitutions with electrophilic groups lift the 1La/
1Lb
degeneracy. For 5- and 6-hydroxyindole in cyclohexane, 1La and
1Lb transi-
tions are resolved (5-hydroxyindole absor-
bance, shown, solid line). This finding
provides for 1La origin assignment in the
absorption and excitation spectra for in-
dole vapor. The 5-hydroxyindole excita-
tion spectrum (dashed line) shows that
despite a blue-shifted emission spectrum,
both the 1La and
1Lb transitions contribute
to emission. 10 0 ns fluorescence lifetimes
for 5-hydroxyindole are consistent with a
charge acceptor-induced increase in the
nonradiative rate.Enzymes
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Cellulase is an interfacial enzyme that catalyzes the hydrolytic degradation of
cellulose at the interface between a liquid phase (enzyme) and a solid phase
(cellulose substrate). Prior to the hydrolytic cleavage, cellulase utilizes an ac-
tivity known as enzymatic decrystallization to break up the solid aggregate
of cellulose molecules. The activity of enzymatic decrystallization has not
been characterized and its mechanism has not been elucidated because very
few existing experimental approaches are able to examine interfacial enzymatic
activity on solid substrates. Here, we report the development of a novel strategy
for the real-time detection of cellulase activities including enzymatic decrystal-
lization and hydrolytic cleavage on cellulose with the use of a nanomechanical
sensor in a microcantilever. We present both kinetic and physical evidence to
support the decrystallization as a kinetically viable step of cellulose hydrolysis
by cellulase. To our knowledge, this is the first use of a nanomechanical sensor
to study mechanistic enzymology and heterogeneous enzymatic catalysis that
involves a solid substrate. This nanomechanical sensor-based approach will
help obtain a comprehensive understanding of cellulase actions on cellulose,
which would be essential to the success of the development of new cellulases
with enhanced efficiency for biofuels production.
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Allosteric regulation of enzymatic activity forms the basis for controlling
a plethora of vital cellular processes. While the mechanism underlying regula-
tion of multimeric enzymes is generally well understood and proposed to pri-
marily operate via conformational selection, the mechanism underlying
allosteric regulation of monomeric enzymes is poorly understood. Here we
monitored for the first time allosteric regulation of enzymatic activity at the sin-
gle molecule level (1). We measured single stochastic catalytic turnovers of
a monomeric metabolic enzyme (Thermomyces lanuginosus Lipase) while ti-
trating its proximity to a lipid membrane that acts as an allosteric effector.
The single molecule measurements revealed the existence of discrete binary
functional states that could not be identified in macroscopic measurements
due to ensemble averaging. The discrete functional states correlate with the en-
zyme’s major conformational states and are redistributed in the presence of the
regulatory effector. Thus, our data support allosteric regulation of monomeric
enzymes to operate via selection of preexisting functional states and not via in-
duction of new ones.
(1) Hatzakis, N. S.; Wei, L.; Jørgensen, S. K.; Kunding, A., H.; Bolinger, P-Y.;
Ehrlich, N.; Makarov, I.; Skjot, M.; Svendsen, A.; Hedega˚rd, P.; Stamou, D.
(2012). Single Enzyme Studies Reveal the Existence of Discrete Functional
States for Monomeric Enzymes and How They Are ‘‘Selected’’ upon Allosteric
Regulation. J. Am. Chem. Soc.134 (22), 9296-9302.
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Catalysis in OMP synthase (orotate phosphoribosyltransferase, EC 2.4.2.10) is
coupled to the unstructured-to-structured transition of a 10-residue peptide
loop. OMP synthase from yeast is a small, homodimeric (49 kDa) and highly
stable domain-swapped enzyme that catalyzes the formation of the UMP
232a Monday, February 4, 2013precursor orotidine 5’-monophosphate (OMP) from 5-phosphoribosyl-1-pyro-
phosphate (PRPP) and orotate (OA). Inter-subunit communication has been
proposed to result in half-of-the-sites cooperativity of binding [McClard, R.
W., et al. (2006) Biochemistry 45, 5330-5342]. High-resolution X-ray struc-
tures of the highly homologous Salmonella typhimurium and E. coli enzymes
show that major and apparently essential movement of protein (mobile peptide
loops and entire core) and substrates accompany catalysis and can result in an
occupied enzyme showing asymmetry.
A novel unproductive OA analog, citrazinic acid (CA), allows structural explo-
ration of stable Michaelis-like complexes by NMR. Here, we report the back-
bone 1H-13C-15N NMR assignments of the yeast enzyme in unliganded, OMP
and MgPRPP$CA forms. Equilibrium binding of PRPP in the presence of CA
shows two independent binding sites present in equal concentrations, but with
KD values 19-fold lower and 3-fold higher than the single for PRPP of 6.35
0.6 mM to two sites in the native dimer. Binding and potential structural asym-
metry was further investigated by isothermal titration calorimetry and ligand
titration by NMR. The implications for cooperativity and the origin of the do-
main swapped structure are discussed.
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Cells are densely packed with proteins, DNA, RNA and other macromolecules
that account for up to 40% (400 mg/mL) of the cellular space. However, most
biophysical studies have been performed in dilute solution with macromolecule
concentrations of 1-10 mg/mL. Both theoretical and experimental evidence
suggests that proteins behave differently under crowded conditions resulting
in changes to structure, stability and kinetics. In order to understand the role
of macromolecular crowding on the kinetics of alcohol dehydrogenase, we
have used absorbance to determine Michaelis-Menten parameters in the ab-
sence and presence of crowding agents. These crowding agents are inert poly-
mers and globular proteins, such as Dextran and Bovine Serum Albumin
(BSA). We have found that increasing concentrations of Dextran have resulted
in a concentration-dependant decrease in binding affinity (increased Km)
with no change to the maximum reaction rate. In contrast, crowding with
BSA at comparable concentrations has
less of an effect on binding affinity, but
the concentration-dependent trends on the
kinetic parameters are not as discernible.
While the diverse effect of crowding agents
requires further exploration the current
study provides new insight regarding poly-
mer and protein crowding agents as mimics
for cellular conditions.1189-Pos Board B81
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Dithiolethione compounds, like anethole dithiolethione (ADT) have chemopre-
ventive, cytoprotective, and antimitogenic effects. The chemopreventive ef-
fects are thought to be mediated by the activation of antioxidant response
elements and of the tumor repressor PP2a. We have shown that ADT interacts
with the glycolytic enzyme glyceraldehyde-3-phosphate dehydrogenase
(GAPDH). Cancer cells usually exhibit increased glycolysis (Warburg effect)
that generates ATP to meet their energy needs. Mounting evidence suggests
that inhibition of glycolysis in cancer cells severely depletes ATP and may
be an effective strategy in chemoprevention. We hypothesize that the chemo-
preventive effects of ADT may be in part due to inhibition of glycolysis via in-
hibition of GAPDH. Dithiolethiones can directly or indirectly modify cysteine
residues in protein targets. GAPDH contains three cysteine residues that are
susceptible to thiol-modifying agents. Therefore, we set out to examine how
ADT affects GAPDH activity. Human GAPDH was overexpressed in bacterial
cells and purified by ion-exchange and affinity chromatography. We measured
the catalytic activity of GAPDH in the absence and the presence of ADT and
showed a concentration-dependent inhibition of GAPDH catalytic activity by
ADT. In order to determine the exact mechanism of ADT modification ofGAPDH we are coupling site-directed mutagenesis with enzymatic assay,
and mass-spectrometry.
This investigation was sponsored in part by NIH/NIGMSMARCU*STAR T34
08663 National Research Service Award to UMBC and also by the Howard
Hughes Medical Institute’s Precollege and Undergraduate Science Education
Program (JC) and UMBC DRIF SRAIS (EG).
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In the past 30 yeas scientists have demonstrated that many enzymes are capable
of promiscuous catalytic activity, in which one enzyme catalyses the turnover
of chemically distinct substrates. It has been suggested that such promiscuity
can play an important role in the evolution of enzyme function. This phenom-
enon is particularly pronounced in the alkaline phosphatase superfamily, in
which the native reaction for one member of the superfamily is often a promis-
cuous side reaction for another. Moreover, despite the similarity of the sub-
strates involved, the reactions catalysed (cleavage of P-O and S-O bonds)
proceed with very different solvation and protonation requirements. We present
here a detailed study of the promiscuous catalytic activity of three evolution-
arily related but structurally different members of this superfamily: an arylsul-
fatase from Pseudonomas aeruginosa (PAS) and two phosphonate monoester
hydrolases (PMH) from Rhizobium leguminosarum and Burkholderia caryo-
phylli. The latter enzymes are particularly interesting due to the fact that, in ad-
dition to their broad promiscuity, they are also capable of catalysing
a xenobiotic substrate for which no natural catalyst is known. We demonstrate
that subtle changes in active site residues can have a significant impact on
mechanism. However, despite such mechanistic variation, the promiscuity
simply arises out of the ability of the non-native substrates to exploit the
pre-existing electrostatic pre-organization of the active site towards the native
substrate. We believe this provides an example of chemically-driven protein
evolution within an enzyme superfamily.
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Tyrosinase or polyphenol oxidase (EC 1.14.18.1) is a copper-containing
enzyme with widespread occurrence in living organisms including microorgan-
isms, plants and animals.
This enzyme catalyses a two-step reaction, the hydroxylation of a monophenol
and the conversion of an o-diphenol to an o-quinone. From pathological and
economical point of view, tyrosinase is very important and interesting enzyme
which attracted the attention of researchers.
Due to the key role of tyrosinase in melanogenesis and fruit browning, several
inhibitors from both natural and synthetic sources have been identified.
In this study we attempted to evaluate the inhibitory effects of some natural
compounds from plant sources on mushroom tyrosinase activity. Experimen-
tally, traditional spectroscopic methods of tyrosinase assay were applied and
the mechanism of inhibition and kinetic parameters are determined. Computa-
tionally, the binding capability of the proposed natural products was evaluated
by docking methods.
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The rise of drug resistance in bacteria is a growing problem, and poses a formi-
dable medical and scientific challenge. Mutations - the driving force behind
evolution and drug-resistance - have long been thought to arise spontaneously
in bacteria, leading to the pessimistic view that the rise of drug resistance is in-
evitable. However, the acquisition of mutations is in fact a regulated process, in
part tied to the bacterial stress response or SOS pathway.
The key regulatory protein governing the SOS pathway is the bi-functional re-
pressor protease, LexA. In its basal state, LexA represses genes involved in the
SOS response (SOS genes). When stimulated following genotoxic stress, LexA
auto-proteolyzes via a serine protease mechanism at an internal cleavage re-
gion. Self-cleavage leads to de-repression of SOS genes, activating pro-
mutagenic pathways, such as genetic recombination and error-prone DNA
